. (A) Typical OM image of phosphors prior to milling. Most of the material is in particles much larger than 10 μm. (B) Phosphors after 24 h of wet milling in ethyl acetate.
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Serial Dilution of Phosphors
To make/obtain an estimate of the approximate number of phosphorescent particles that can be detected with a microplate reader, serial dilutions of dried milled phosphors were prepared in DMSO and the luminescence of each well was measured with a Tecan M200 Pro ( Figure S2 ). Excitation was carried out with at UVP CL-1000 Ultraviolet Crosslinker equipped with Sankyo Denki G8T5 bulbs that emit at 254 nm. The average and standard deviation of the luminescence measured from wells containing only DMSO were determined and treated as the background. Using the mean of the background plus three standard deviations as the cutoff, the detection limit is close to 10 ng of phosphors. For an average particle mass of about 50 fg, the detection limit is approximately 2x10 5 particles. 
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Silica Encapsulation and Water Stability
Milled phosphors were reacted with 20 mM and 40 mM TEOS at a 0.5 M ammonia concentration with varying water/TEOS molar ratios. After silica encapsulation, the phosphors were redispersed in DI water at a concentration of 0.3 mg/mL (strontium aluminate dry mass per mL of water). A control sample with an equivalent concentration of unencapsulated strontium aluminate in water was prepared. Low water/TEOS molar ratios resulted in poor encapsulation, as redispersion of the phosphors in water resulted in substantial loss of luminescence within days and a corresponding increase in pH. Control samples showed rapid hydrolysis within minutes of redispersion, with low initial luminescence, and an increase in pH to approximately 10 as measured with pH paper. The encapsulation time for data presented in Figure S3 was ≈12 h. Figure S3 . Water stability test of phosphors encapsulated at varying water/TEOS molar ratios. The horizontal dashed line at the bottom of each figure represents the mean luminescence intensity of a blank well.
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In a similar experiment, the ammonia concentration during encapsulation was decreased to 0.25 M, which did not adversely affect the hydrolytic stability of the phosphors redispersed in water ( Figure S4 ). Controls with equivalent concentrations of unencapsulated strontium aluminate in water and ethanol are shown. Rapid hydrolysis of unencapsulated strontium aluminate particles in water is observed, with the initial measured luminescence of phosphors in water equal to approximately 0.3% of the luminescence from an equivalent concentration of unencapsulated phosphors dispersed in ethanol. Occasional flocculation was observed using protocols with higher ammonia concentrations, so 0.25 M ammonia was used for encapsulating particles for LFAs. The encapsulation time for data presented in Figure S4 was ≈10 h. The silica encapsulation time was later decreased to 8 h, without adversely affecting stability. Particles used in LFAs were encapsulated by Protocol C. 
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A typical TEM image of a silica encapsulated PLNP is shown in Figure S5 . Analysis of several images revealed an approximate silica shell thickness of 50 nm. 
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Surface Chemistry
A schematic of the surface chemistry used for covalent attachment of NeutrAvidin is shown in Figure S6 . After functionalization of a particle with TESBA, reductive amination was carried out to covalently link surface aldehydes to the primary amines of the heterobifunctional NH 2 -PEG-COOH molecules. Carbodiimide chemistry was used to form an amide bond between the carboxylic acid on the particle and an amine on the protein. The number of PEG monomers in a chain is approximately 75. 
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Image Processing and Analysis
Data were also analyzed by looking at the ratio of the test line intensity of a positive sample to the test line intensity of the no-target control for strips in a given dilution series that were imaged simultaneously. The test line intensity of the 0.1 ng/mL bHEL samples are on average 1.8 times greater than that of the no-target controls. Examination of the intensity profiles across the test line in Figure S7 qualitatively illustrates the trend in relative intensities within a dilution series. Figure S7 . Test line intensity profile of LFA strips from a bHEL serial dilution. The profile was smoothed in MATLAB using a 2-D median filter and averaged. Figure S8 . 
An additional comparison of NeutrAvidin phosphors and Streptavidin Au nanoparticles is shown in
S-9
Line scans showing the relative signal from gold nanoparticles down the length of the lateral flow strips were obtained using ImageJ and an Epson Perfection V600 scanner and are presented in Figure S9 . At high concentrations of bHEL (100 ng/mL and 10 ng/mL), the test line gives a clear peak. At 1 ng/mL, the signal from the gold nanoparticles at the test line is weak, and only slightly above the background noise. Figure S9 . Line profiles of lateral flow strips run with Streptavidin Au nanoparticles and different concentrations of bHEL.
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Excitation and Emission Spectra
Excitation and emission spectra of the phosphors were collected in fluorescence mode with a Tecan M200 Pro microplate reader and are shown in Figure S10 . Excitation spectra were collected with the emission wavelength fixed at 516 nm with a 20 nm bandwidth emission filter. Note that for measuring the excitation spectrum the instrument uses two different excitation filters, a 5 nm bandwidth filter from 230-315 nm, and a 10 nm bandwidth filter for wavelengths 316 nm and higher. Vertical lines were added to the excitation spectrum to emphasize a change in the excitation filter.
The long phosphorescence lifetime adds difficulty in accurately measuring the true shape of the excitation spectrum, as residual luminescence emission can skew the curve in a way that results in a higher relative emission intensity for a given excitation wavelength than would be observed had sufficient time between measurements been taken to allow extensive relaxation to the ground state. As SrAl 2 O 4 :Eu 2+ ,Dy 3+ has an afterglow that lasts more than 10 hours, it is impractical to measure a high resolution excitation spectrum by waiting for the luminescence to decay to background levels before measuring each excitation wavelength's corresponding emission intensity. To compensate for the long lifetime a 1000 ms settle time was taken between measurements to allow for some relaxation. Additionally, it is not immediately evident that the short-lifetime fluorescence has the same excitation spectrum as the persistent luminescence since there could be additional mechanisms that give rise to short-lived fluorescence that do not play a role in the long-lifetime emission. Therefore, measurements of the excitation spectrum had a 2 ms lag time between excitation and measuring the emission intensity to ensure that the spectrum corresponds to excitations that give rise to persistent luminescence.
The excitation spectrum indicates that the phosphors are excited by UV and near-UV light, with a maximum emission intensity from excitations between 360 and 370 nm. The emission peak has a maximum at 516 nm.
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Figure S10. Excitation and emission spectra of milled phosphors. The parallel vertical lines on the excitation curve were added to highlight that the instrument switches excitation filters in this region.
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Energy Dispersive X-ray Spectroscopy
The EDS spectra of the Glow Inc. Ultra Green v10 phosphors prior to milling and processing show intense Sr, Al, and O peaks and small peaks from Eu and Dy. There are additional peaks from Ca indicating that the material is not pure strontium aluminate. EDS data from milled phosphors showed no observable Zr peaks, indicating that the zirconia grinding media are not extensively degraded during milling. We also attempted wet milling using a Retsch MM301 High Speed Mixer Mill, a 35 mL stainless steel milling jar (Material No. 1.4112), and a 2 cm diameter stainless steel ball with a variety of solvents and found that the strontium aluminate was highly abrasive to the milling jar, resulting in ineffective size reduction and visibly high levels of stainless steel contamination in the dispersion. Figure S11 . EDS spectrum of unmilled strontium aluminate phosphors on carbon tape.
